a2 United States Patent

US009473977B2

10) Patent No.: US 9,473,977 B2

Zhao et al. 45) Date of Patent: Oct. 18, 2016
(54) SYSTEMS AND METHODS FOR SAMOG (56) References Cited
BEARER MANAGEMENT
U.S. PATENT DOCUMENTS
(71) Applicant: 8Xalcosmm Incorporated, San Diego, 7817611 B2 10/2010 Ogura
Us) 2005/0281233 Al  12/2005 Parker et al.
(72) Inventors: Suli Zhao, San Diego, CA (US); (Continued)
Srinivasan Balasubramanian, San
Diego, CA (US) FOREIGN PATENT DOCUMENTS
(73) Assignee: QUALCOMM Incorporated, San %){ 2007(1)532?3(1) ﬁz 12%88;
Diego, CA (US) .
(Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 OTHER PUBLICATIONS
US.C. 154(b) by 0 days. “3rd Generation Partnership Project; Technical Specification Group
. Services and System Aspects; Operator Policies for IP interface
(21)  Appl. No.: 15/145,169 Selection (OPIIS); (Release 12)”, 3GPP Standard; 3GPP TR 23.853,
. 3rd Generation Partnership Project (3GPP), Mobile Competence
(22) Filed: May 3, 2016 Centre; 650, Route Des Lucioles; F-06921 Sophia Antipoliscedex;
(65) Prior Publication Data France, vol. SA WG2, No. V0.5.0, XP050650358, Oct. 22, 2012,
pp. 1-16.
US 2016/0249247 Al Aug. 25, 2016 (Continued)
Related U.S. Application Data Primary Examiner — Thai Nguyen
(62) Division of application No. 13/776,644, filed on Feb. (74) Attorney, Agent, or Firm — Charles Chesney
25, 2013, now Pat. No. 9,357,430.
.. Lo 57 ABSTRACT
(60) Provisional application No. 61/719,244, filed on Oct. 7
26, 2012. Systems, methods, and devices for accessing a service of a
wireless carrier network through a wireless local area net-
(51) Int. CL work (WLAN) are described. A method includes selecting
HO4W 28/02 (2009.01) one or more traffic management parameters associated with
HO4W 28/24 2009.01 the WLAN based at least in part on one or more quality of
p quality
(Continued) service (QoS) parameters associated with the service of the
wireless carrier network being accessed. The method further
(52) US.CL includes transmitting packets over the WLAN using the
CcPC ... Ho4w 28/0268 (2013.01); HO4W 28/0263 selected one or more traffic management parameters asso-
(2013.01); HO4W 76/02 (2013.01); HO4W ciated with the WL AN when a user equipment accesses the
28/24 (2013.01); HO4W 76/022 (2013.01); service of the wireless carrier network through the WLAN.
HO4W 84/12 (2013.01); HO4W 88/16 The user equipment enforces the selected one or more traffic
(2013.01) management parameters for communications to the wireless
(58) Field of Classification Search carrier network. An access point enforces the selected one or

CPC ..ot HO04W 28/0268; HO4W 28/0263;
HO04W 76/02; HO4W 84/12; HO4W 88/16;
HO04W 76/022; HO4W 28/24

See application file for complete search history.

more traffic management parameters for communications to
the user equipment.

24 Claims, 14 Drawing Sheets

TWAN 408
402 A oA
‘ UE ‘ ‘ AP TWAG

WLAN Discovery and Selection 416 |

s 410 412 414
HSS/
PDN-GW/| PCRF AAA

Tnitial Atiach 418

TP-CAN Session
FDN Establighment PDN Establishmen, i ]
420 a2 Modification
a2
P-CAN Session
Beaner Setup Reques, Creaie Bearer Reques, Establishers/ __|
630 s Modification
T s
TEPEC Mapping
o
AGATS Request
634
AdATS Response
N 6%
IP-CAN Session
Bearer Setmp Response Create Bearer Response, Esabishmen/ |
440 Modification
| 42




US 9,473,977 B2

Page 2
(51) Int. CL FORFEIGN PATENT DOCUMENTS
Hoaw 76/02 (2009.01) WO  WO-2006000612 Al 1/2006
HO4W 84/12 (2009.01) WO  WO-2006137705 Al 12/2006
HO4W 88/16 (2009.01) WO  WO-2008137705 Al  11/2008
WO  WO-2012030852 Al 3/2012
(56) References Cited

2010/0272013

2011/0075675
2011/0177811
2011/0199987
2011/0235546
2012/0057532
2012/0076121
2012/0099428
2012/0172036
2012/0263041
2012/0294179
2012/0300750
2012/0307736
2013/0003698
2013/0005332
2013/0044709
2013/0083661

2013/0089076
2013/0107783
2013/0121145
2014/0036807

2014/0078986
2014/0079022
2014/0082697
2014/0119178
2014/0119292
2014/0146783
2014/0192651

U.S. PATENT DOCUMENTS

Al* 10/2010

Al
Al
Al
Al

*

3/2011
7/2011
8/2011
9/2011
3/2012
3/2012
4/2012
7/2012
10/2012
11/2012
11/2012
12/2012
1/2013
1/2013
2/2013
4/2013

4/2013
5/2013
5/2013
2/2014

3/2014
3/2014
3/2014
5/2014
5/2014
5/2014
7/2014

HO04W 76/022
370/328

Koodli et al.

Heckman et al.

Rommer et al.

Horn et al.

Qi et al.

Choi et al.

Kamdar et al.

Bhalla

Giaretta et al.

Tafreshi

Chin et al.

Tang et al.

Olvera-Hernandez et al.

Sedlacek et al.

Adjakple et al.

Gupta H04W 4/005
370/235

Olvera-Hernandez et al.

Shaw

Draznin et al.

Huang

HO04W 76/021
370/329

Kaippallimalil et al.
Wang et al.

Watfa et al.

Zhao et al.

Zhao et al.

Kim et al.

Sun et al.

OTHER PUBLICATIONS

“3rd Generation Partnership Project; Technical Specification Group
Services and System Aspects; Study on S2a Mobility based on GTP
& WLAN access to EPC (SaMOG); Stage 2 (Release 11)”, 3GPP
Standard; 3GPP TR 23.852, 3rd Generation Partnership Project
(3GPP), Mobile Competence Centre ; 650, Route Des Lucioles ;
F-06921 Sophia-Antipolis Cedex; France, vol. SA WG2, No. V1.0.
0, Dec. 12, 2011, pp. 1-40, XP050554477.

“3rd Generation Partnership Project; Technical Specification Group
Services and System Aspects; Study on S2a Mobility based on GTP
& WLAN access to EPC (SaMOG); Stage 2 (Release 12)”, 3GPP
Standard; 3GPP TR 23.852, 3rd Generation Partnership Project
(3GPP), Mobile Competence Centre ; 650, Route Des Lucioles ;
F-06921 Sophia-Antipoliscedex; France, vol. SAWG2, No. V1.2.0,
Jul. 20, 2012, pp. 1-63, XP050648988, [retrieved on Jul. 20, 2012],
p. 10-p. 38.

Alcatel-Lucent., “Discussion on Inter-System Routing Policies for
MAPCON”, 3GPP Draft; S2-110033 WAS 105442 ISRP for
MAPCON and IFOM_ V2, 3rd Generation Partnership Project
(3GPP), Mobile Competence Centre; 650, Route Deslucioles;
F-06921 Sophia-Antipolis Cedex ; France, vol. SA WG2, no.
Elbonia; Jan. 17, 2011, XP050523356, Jan. 13, 2011, p. 1.
International Search Report and Written Opinion—PCT/US2013/
066933—ISAEPO—1Jan. 27, 2014.

Juniper Networks, “P-CR 23.852 v1.2.0 SaMOG Layer 2 Solution”,
3GPP Draft; S2-122735_S2_92_FS_ SAMOG_LAYER2_ Solu-
tion, 3rd Generation Partnership Project (3GPP), Mobile Compe-
tence Centre ; 650, Route Des Lucioles ; F-06921 Sophia-Antipolis
Cedex ; France, vol. SAWG2, no. Barcelona, Spain; XP050633268,
Jul. 9, 2012-Jul. 13, 2012, Jul. 3, 2012, 6 pages.

* cited by examiner



U.S. Patent Oct. 18, 2016 Sheet 1 of 14 US 9,473,977 B2

- 102g
102f <]

FIG. 1



US 9,473,977 B2

Sheet 2 of 14

Oct. 18, 2016

U.S. Patent

Yy

2ddoe

P H

vy

%@&@&ﬁ@@ ,

f

A 4

IN3INdIND3

¥3asn

4

h

-

90¢

——— ———

ve "Old



US 9,473,977 B2

Sheet 3 of 14

Oct. 18, 2016

U.S. Patent

IN3INdINO3

$$300V
dl ddO€-NON

$8300V

dl dd9€-NON
a3isnyl

ore

«—>1 MO9S
(030 ‘SSd ‘SWI C N
“6'9) §3OIAYAS 14 (1] %4
dl S.:401vy3do
oz

449d
fomN SSH
zee”

8¢ Old

SHHUOMLIN
dd9¢-NON

§§300V
ddo¢

8¢T



US 9,473,977 B2

Sheet 4 of 14

Oct. 18, 2016

U.S. Patent

Y0.10373S AVMHLYd
J/
PZE~ Gee 228~
oze
MTZATYNY Old4va L f—— JOV4HTLNI ¥3SN
0ZE~
dsa ¥010313d TYNOIS
80€— mnlIIIIIIIIIIIIIIIIIIIIIIII_ w_\MK
! |
i SENELEN : AHOWIN
iz m 90e”’
1 1
1 1
m YILLINSNYHL : ¥0SS3ID0Yd
1
m ole”’ | poe~’
L o oo oo o e s e e e e e e e e — —
pig” 208
oLoos 30IA3A SSTTIHIM




US 9,473,977 B2

Sheet 5 of 14

Oct. 18, 2016

U.S. Patent

v "Old

T - 9tp
wonesgIpON __| ov¥ ajedmo)
[~ mouysnqmsg |+ osuodsoy orog ey |+ A asuods] — 14— emgmuon ™|
OISO NVl 1038 Jarwed IOIEOE NV'IM
vER
TONEMEI0;) ——p»
BT NVIM
F44 4
Buiddepy
OV 0) S00 Sd3
oy ot
| uwomesympol 144 |
T Isonbay Jareag a1 * %MSWM >
uoissas NVO-dI § oo
vy
TOEOIPOI w ot
[ mouysnqmsg ~ | ToumsTqEIST Nad > JaewgsyqeIss Nad ’
uorssas NVo-dl _
81 YOENY [enm |
| o1y vomoops pue AroosiaNVIM |
I I _
| 1
/SSH 440d MO-NAd OVML dv an
vy - 2w o — oov 7 vor zor —
sor — NVML




US 9,473,977 B2

Sheet 6 of 14

Oct. 18, 2016

U.S. Patent

S ‘Ol

(444
UONESHIPOWN __ | 44 8£¢
il ISUISTIqR)SH asuodsyg Joreaq aea1D osuodsay dmog rareog
UOISSIg NV I-dl
9ts
" apduwoey |
uonemSuo)
Iaresg NV IM
1439
|—uopemSiuoD »
Jamag NV IM
0ts »
266 1sonbay dmog 1areag
Buiddeyy
9T OV 01800 Sd3
| uopesipon 147 >
[UOSTIqASE | Jsonboy 3ore9g LI
UOISSIg NV I-dL
v
UONESIPOIN (444 oty
[+ ASISTQE)SH. - JuowysTqelsg Nad JuowysIiqeIsy Nad
WOISS9S NV J-dl _
816 RNV [epmT |
7 9T UONOA[AS pur AIBACOSKT NV IM 7
I I _
| 1
Yvv
/SSH 440d MO-Nad OVML dv an
piy 7 oy o sor —  vor zop
gov NVML




US 9,473,977 B2

Sheet 7 of 14

Oct. 18, 2016

U.S. Patent

9 'Old

wr
uonesyrpoN __ | oy 8t9
[ USUYSTqeIsq osuodsay Iareag Sjesl) ssuodsay dmag 1areag
UOISSAS NV I-dI
9£9
asuodsay SIPPY
234
*jsanbay S1pPV
(47}
Buiddew 03dsL
ozp 0} 500 8d3
| uwonesypoi 8T 0£9
/USUISHQRIST - isonboy sareag owary T jsonboy dmog saresg ]
TOISSI NV I-dI
1744
TONRIIPOIN f444 (1744
[ moowngsnowss TSSHAEsH NAd > TSWYSHARISE NAd ’
uorsseg NVO-dl _
81 WUy PBRL |
| _ |
_ 9 UONIBIS Puk AIBA0ISIT NV IM 7
I “
v ] [we] e om w ][]
piy - oy o or —  vor zor
sor NVML




US 9,473,977 B2

Sheet 8 of 14

Oct. 18, 2016

U.S. Patent

g0zt

L O

q81L

RNV IACPURH HL'T YIrNy IDAOpUEH HL'T
L
uonenuy UoRoAuo) Nad 30
VoTL ™ V8IL
Yoepy WAOPUBH HLT i -05«¢_~ IDA0pUBH HLT
| o NvMIn-Hamby |

PIL ZNIV PUt [NV O} POIOSUUO) PUR JIOMIIU §53998 NV T\ PAISNIT, I9A0 BZS O} PAYIENY A _

7 M-S
ANN

oo

90/ -

voL -/

=



U.S. Patent Oct. 18, 2016 Sheet 9 of 14 US 9,473,977 B2

800

(o) 7

a 802

Select one or more traffic management
parameters associated with the WLAN
based at least in part on one or more QoS
parameters associated with the service of
the wireless carrier network being accessed

' s 804

Transmit packets over the WLAN using the
selected one or more traffic management
parameters associated with the WLAN when
a UE accesses the service of the wireless
carrier network through the WLAN

End

FIG. 8



U.S. Patent

Oct. 18, 2016 Sheet 10 of 14

V4

US 9,473,977 B2

900

Ve 902

Means for selecting one or more traffic
management parameters associated with
the WLAN based at least in part on one or
more QoS parameters associated with the

service of the wireless carrier network being
accessed

r 904

Means for transmitting packets over the
WLAN using the selected one or more traffic
management parameters associated with
the WLAN when a UE accesses the service
of the wireless carrier network through the
WLAN

FIG. 9



U.S. Patent

Oct. 18, 2016

1000

1002
Connect to a first APN based on a policy of
a UE via a WLAN

g

1004

Determine to connect to a second APN via a
carrier cellular network after the UE selects
the carrier cellular network

(1 006

Detect that the connection to the first APN is
required to stay over the WLAN

f1 008
Detect a conflict that the first APN is an
attach APN according to the carrier cellular
network

f101

o

Transmit an attach request to attach to the

carrier cellular network after detecting the

conflict that the connection to the first APN
is required to stay over the WLAN

N

f101

Receive an attach response from the carrier
core network that identifies an APN used
during an attach to the carrier cellular
network

N

¢ 101

Connect to the APN that the carrier cellular
network identified in the attach response
over the carrier cellular network

[+

' 01

Connect to the second APN over the carrier
cellular network if not yet connected to the

second APN

'
End

FIG. 10

Sheet 11 of 14

US 9,473,977 B2



U.S. Patent

Oct. 18, 2016 Sheet 12 of 14

1100

US 9,473,977 B2

f1102

Means for connecting to a first APN based
on a policy of a UE via a WLAN

| 1104

Means for determining to connect to a

second APN via a carrier cellular network
after the UE selects the carrier cellular
network

f1106

Means for detecting that the connection to —]
the first APN is required to stay overthe | —
WLAN -

f1108

Means for detecting a conflict that the first ||
APN is an attach APN according tothe | —
carrier cellular network

f1110

Means for transmitting an attach request to

aftach to the carrier cellular network after ——7-
detecting the conflict that the connection to —
the first APN is required to stay overthe |
WLAN —

| f1112

Means for receiving an attach response |—]
[

from the carrier core network that identifies
an APN used during an attach to the carrier
cellular network

f1114

Means for connecting to the APN thatthe | [ 4 4

carrier cellular network identified in the
attach response over the carrier cellular
network

] 1118

Means for connecting to the second APN [——4—
over the carrier cellular network if not yet ——n—
connected to the second APN —

[V,

[
2
4

44
2
Y

[ L

[i4

FIG. 11



U.S. Patent

Oct. 18, 2016

1200

f1202

Connect to a first access point name (APN)
based on a policy of a UE via a WLAN

1204

Determine to connect to a second APN over
a carrier cellular network

f1206

Detect that the first APN is an attach APN
according to the carrier cellular network

/-1208

Detect a conflict that the connection to the
first APN is required to stay over the WLAN
based on the policy

f1210

Transmit an attach request to attach to the

carrier cellular network after detecting the

conflict that the connection to the first APN
is required to stay over the WLAN

f1212

Attach to the carrier cellular network using
the second APN

End

FIG. 12

Sheet 13 of 14

US 9,473,977 B2



U.S. Patent

Oct. 18, 2016 Sheet 14 of 14

1300

f1 302

Means for connecting to a first access point
name (APN) based on a policy of a UE via a
WLAN

\ 1304

Means for determining to connect to a
second APN over a carrier cellular network

‘ 1308

Means for detecting that the first APN is an
attach APN according to the carrier cellular
network

—

L

f1 308

Means for detecting a conflict that the
connection to the first APN is required to
stay over the WLAN based on the policy

P

/1310

Means for transmitting an attach request to
attach to the carrier cellular network after
detecting the conflict that the connection to
the first APN is required to stay over the
WLAN

—

/131

Means for attaching to the carrier cellular
network using the second APN

FIG. 13

US 9,473,977 B2



US 9,473,977 B2

1
SYSTEMS AND METHODS FOR SAMOG
BEARER MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of Ser. No.
13/776,644 filed Feb. 25, 2013 and claims the benefit under
35 U.S.C. §119(e) U.S. Provisional Patent Application No.
61/719,244 entitled “Systems and methods for SaMOG
bearer Management” filed on Oct. 26, 2012 the disclosure of
which is expressly incorporated by reference herein in its
entirety.

BACKGROUND

1. Field

The present application relates generally to wireless com-
munications, and more specifically to systems, methods, and
devices for bearer management for network elements in a
wireless network.

2. Background

Wireless communication systems are widely deployed to
provide various types of communication content such as
voice and data. Typical wireless communication systems
may be multiple-access systems capable of supporting com-
munication with multiple users by sharing available system
resources (e.g., bandwidth, transmit power). Examples of
such multiple-access systems may include code division
multiple access (CDMA) systems, time division multiple
access (TDMA) systems, frequency division multiple access
(FDMA) systems, orthogonal frequency division multiple
access (OFDMA) systems, and the like. Additionally, the
systems can conform to specifications such as third genera-
tion partnership project (3GPP), 3GPP2, 3GPP long-term
evolution (LTE), LTE Advanced, etc.

Generally, wireless multiple-access communication sys-
tems may simultaneously support communication for mul-
tiple mobile devices. Each mobile device may communicate
with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to
the communication link from base stations to mobile
devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations.

As the demand for high-rate and multimedia data services
rapidly grows, there has been an effort toward implementa-
tion of efficient and robust communication systems with
enhanced performance. For example, in recent years, users
have started to replace fixed line communications with
mobile communications and have increasingly demanded
high voice quality, reliable service, and low prices.

To accommodate increasing demand, evolution of core
networks of wireless communication systems followed from
evolution of radio interfaces. For example, System Archi-
tecture Evolution (SAE) lead by 3GPP aims to evolve a
Global System for Mobile communications (GSM)/General
Packet Radio Service (GPRS) core network. The resultant
Evolved Packet Core (EPC) is a multi-access core network
based on the Internet Protocol (IP) that enables operators to
deploy and utilize one common packet-based core network
with a plurality of radio access technologies. The EPC
provides optimized mobility for mobile devices and enables
efficient handovers between different radio access technolo-
gies (e.g., between LTE and High Rate Packet Data
(HRPD)). In addition, standardized roaming interfaces
enable operators to offer services to subscribers across a
variety of access technologies.
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As the number and types of devices capable of commu-
nicating data via the radio network to the core network
increase, a need exists to perform such communications in
an efficient manner.

SUMMARY

Various implementations of systems, methods and devices
within the scope of the appended claims each have several
aspects, no single one of which is solely responsible for the
desirable attributes described herein. Without limiting the
scope of the appended claims, some prominent features are
described herein. Other features, aspects, and advantages
will become apparent from the description, the drawings,
and the claims.

One aspect of this disclosure provides a method for
accessing a service of a wireless carrier network through a
wireless local area network (WLAN). The method com-
prises selecting one or more traffic management parameters
associated with the WL AN based at least in part on one or
more quality of service (QoS) parameters associated with
the service of the wireless carrier network being accessed.
The method further comprises transmitting packets over the
WLAN using the selected one or more traffic management
parameters associated with the WLAN when a user equip-
ment accesses the service of the wireless carrier network
through the WLAN. The user equipment may enforce the
selected one or more traffic management parameters for
communications to the wireless carrier network. An access
point may enforce the selected one or more traffic manage-
ment parameters for communications to the user equipment
over a radio link.

Another aspect of this disclosure provides an apparatus
for accessing a service of a wireless carrier network through
a WLAN. The apparatus comprises means for selecting one
or more traffic management parameters associated with the
WLAN based at least in part on one or more QoS parameters
associated with the service of the wireless carrier network
being accessed. The apparatus further comprises means for
transmitting packets over the WLAN using the selected one
or more traffic management parameters associated with the
WLAN when a user equipment accesses the service of the
wireless carrier network through the WLAN. The user
equipment may enforce the selected one or more traffic
management parameters for communications to the wireless
carrier network. An access point may enforce the selected
one or more traffic management parameters for communi-
cations to the user equipment over a radio link.

Another aspect of this disclosure provides a non-transi-
tory computer-readable medium comprising code that, when
executed, causes an apparatus to select one or more traffic
management parameters associated with a WLAN based at
least in part on one or more QoS parameters associated with
a service of a wireless carrier network being accessed. The
medium further comprises code that, when executed, causes
an apparatus to transmit packets over the WLAN using the
selected one or more traffic management parameters asso-
ciated with the WL AN when a user equipment accesses the
service of the wireless carrier network through the WLAN.
The user equipment may enforce the selected one or more
traffic management parameters for communications to the
wireless carrier network. An access point may enforce the
selected one or more traffic management parameters for
communications to the user equipment over a radio link.

Another aspect of this disclosure provides an apparatus
for accessing a service of a wireless carrier network through
a WLAN. The apparatus comprises a processor configured
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to select one or more traffic management parameters asso-
ciated with the WLAN based at least in part on one or more
QoS parameters associated with the service of the wireless
carrier network being accessed. The apparatus further com-
prises a transmitter configured to transmit packets over the
WLAN using the selected one or more traffic management
parameters associated with the WLAN when a user equip-
ment accesses the service of the wireless carrier network
through the WLAN. The user equipment may enforce the
selected one or more traffic management parameters for
communications to the wireless carrier network. An access
point may enforce the selected one or more traffic manage-
ment parameters for communications to the user equipment
over a radio link.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a wireless communication
network in which aspects of the present disclosure may be
employed.

FIG. 2A illustrates an example of a functional block
diagram of certain communication entities of the wireless
communication network of FIG. 1.

FIG. 2B illustrates another example of a functional block
diagram of certain communication entities of the wireless
communication network of FIG. 1.

FIG. 3 illustrates an example of a functional block dia-
gram of a wireless device that may be employed within the
wireless communication network of FIG. 1.

FIG. 4 illustrates an exemplary call flow diagram of a
bearer activation procedure.

FIG. 5 illustrates another exemplary call flow diagram of
a bearer activation procedure.

FIG. 6 illustrates another exemplary call flow diagram of
a bearer activation procedure.

FIG. 7 illustrates an exemplary call flow diagram that
resolves a MAPCON conflict.

FIG. 8 illustrates a process for accessing a service of a
carrier network through a wireless local area network
(WLAN).

FIG. 9 illustrates a functional block diagram of an exem-
plary device that may be employed within the wireless
communication network of FIG. 1.

FIG. 10 illustrates a flowchart of a process for establishing
a data communication pathway between network elements.

FIG. 11 illustrates a functional block diagram of an
exemplary device that may be employed within the wireless
communication network of FIG. 1.

FIG. 12 illustrates a flowchart of a process for establishing
a data communication pathway between network elements.

FIG. 13 illustrates a functional block diagram of an
exemplary device that may be employed within the wireless
communication network of FIG. 1.

In accordance with common practice, the various features
illustrated in the drawings may not be drawn to scale.
Accordingly, the dimensions of the various features may be
arbitrarily expanded or reduced for clarity. In addition, some
of the drawings may not depict all of the components of a
given system, method or device. Finally, like reference
numerals may be used to denote like features throughout the
specification and figures.

DETAILED DESCRIPTION

Various aspects of the novel systems, apparatuses, and
methods are described more fully hereinafter with reference
to the accompanying drawings. The teachings disclosure
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may, however, be embodied in many different forms and
should not be construed as limited to any specific structure
or function presented throughout this disclosure. Rather,
these aspects are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the disclosure to those skilled in the art. Based on the
teachings herein one skilled in the art should appreciate that
the scope of the disclosure is intended to cover any aspect of
the novel systems, apparatuses, and methods disclosed
herein, whether implemented independently of or combined
with any other aspect of the invention. For example, an
apparatus may be implemented or a method may be prac-
ticed using any number of the aspects set forth herein. In
addition, the scope of the invention is intended to cover such
an apparatus or method which is practiced using other
structure, functionality, or structure and functionality in
addition to or other than the various aspects of the invention
set forth herein. It should be understood that any aspect
disclosed herein may be embodied by one or more elements
of a claim.

Although particular aspects are described herein, many
variations and permutations of these aspects fall within the
scope of the disclosure. Although some benefits and advan-
tages of the preferred aspects are mentioned, the scope of the
disclosure is not intended to be limited to particular benefits,
uses, or objectives. Rather, aspects of the disclosure are
intended to be broadly applicable to difterent wireless tech-
nologies, system configurations, networks, and transmission
protocols, some of which are illustrated by way of example
in the figures and in the following description of the pre-
ferred aspects. The detailed description and drawings are
merely illustrative of the disclosure rather than limiting, the
scope of the disclosure being defined by the appended
claims and equivalents thereof.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any implementation
described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other imple-
mentations. The following description is presented to enable
any person skilled in the art to make and use the invention.
Details are set forth in the following description for purpose
of explanation. It should be appreciated that one of ordinary
skill in the art would realize that the invention may be
practiced without the use of these specific details. In other
instances, well known structures and processes are not
elaborated in order not to obscure the description of the
invention with unnecessary details. Thus, the present inven-
tion is not intended to be limited by the implementations
shown, but is to be accorded with the widest scope consis-
tent with the principles and features disclosed herein.

The techniques described herein may be used for various
wireless communication networks such as Code Division
Multiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA)
networks, Single-Carrier FDMA (SC-FDMA) networks, etc.
The terms “networks” and “systems” are often used inter-
changeably. A CDMA network may implement a radio
technology such as Universal Terrestrial Radio Access
(UTRA), cdma2000, etc. UTRA includes Wideband-CDMA
(W-CDMA) and Low Chip Rate (LCR). cdma2000 covers
1S-2000, I1S-95 and IS-856 standards. A TDMA network may
implement a radio technology such as Global System for
Mobile Communications (GSM). An OFDMA network may
implement a radio technology such as Evolved UTRA
(E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20, Flash-
OFDM, etc. UTRA, E-UTRA, and GSM are part of Uni-
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versal Mobile Telecommunication System (UMTS). Long
Term Evolution (LTE) is a release of UMTS that uses
E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are
described in documents from an organization named “3rd
Generation Partnership Project” (3GPP). c¢dma2000 is
described in documents from an organization named “3rd
Generation Partnership Project 2 (3GPP2).

Furthermore, in the following description, for reasons of
conciseness and clarity, terminology associated with the
UMTS systems is used. It should be emphasized that the
disclosed techniques may also be applicable to other tech-
nologies, such as technologies and the associated standards
related to LTE Advanced, LTE, W-CDMA, TDMA,
OFDMA, High Rate Packet Data (HRPD), Evolved High
Rate Packet Data (eHRPD), Worldwide Interoperability for
Microwave Access (WiMax), GSM, enhanced data rate for
GSM evolution (EDGE), and so forth. Terminologies asso-
ciated with different technologies can vary. For example,
depending on the technology considered, the User Equip-
ment (UE) used in UMTS can sometimes be called a mobile
station, a user terminal, a subscriber unit, an access terminal,
etc., to name just a few. Likewise, Node B used in UMTS
can sometimes be called an evolved Node B (eNodeB), an
access node, an access point, a base station (BS), HRPD
base station (BTS), and so forth. It should be noted here that
different terminologies apply to different technologies when
applicable.

FIG. 1 illustrates an example of a wireless communication
network or system 100 in which aspects of the present
disclosure may be employed. The wireless communication
network 100 may operate pursuant to a wireless standard, for
example the LTE Advanced standard, LTE standard, WiMax
standard, GSM standard, EDGE standard, 802.11 standard,
WiFi Advanced-N standard, and so forth. The wireless
communication system 100 may include an access point
(AP) 104, which communicates with stations (STAs) 106.

An access point (AP) may comprise, be implemented as,
or known as a Node B, Radio Network Controller (RNC),
eNodeB, Base Station Controller (BSC), Base Transceiver
Station (BTS), Base Station (BS), Transceiver Function
(TF), Radio Router, Radio Transceiver, or some other ter-
minology.

A station STA may comprise, be implemented as, or
known as an access terminal (AT), a subscriber station, a
subscriber unit, a mobile station, a remote station, a remote
terminal, a user terminal, a user agent, a user device, user
equipment (UE), or some other terminology. In some imple-
mentations an access terminal may comprise a cellular
telephone, a cordless telephone, a Session Initiation Protocol
(SIP) phone, a wireless local loop (WLL) station, a personal
digital assistant (PDA), a smart meter or other machine-to-
machine wireless communication device, a handheld device
having wireless connection capability, or some other suit-
able processing device connected to a wireless modem.
Accordingly, one or more aspects disclosed herein may be
incorporated into a phone (e.g., a cellular phone or smart-
phone), a computer (e.g., a laptop), a portable communica-
tion device, a headset, a portable computing device (e.g., a
personal data assistant), an entertainment device (e.g., a
music or video device, or a satellite radio), a gaming device
or system, a wireless sensor device, a global positioning
system device, or any other suitable device that is configured
to communicate via a wireless medium.

A variety of processes and methods may be used for
transmissions in the wireless communication system 100
between the AP 104 and the STAs 106. For example, signals
may be sent and received between the AP 104 and the STAs
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106 in accordance with OFDM/OFDMA techniques. If this
is the case, the wireless communication system 100 may be
referred to as an OFDM/OFDMA system. Alternatively,
signals may be sent and received between the AP 104 and the
STAs 106 in accordance with W-CDMA or CDMA tech-
niques. If this is the case, the wireless communication
system 100 may be referred to as a W-CDMA or CDMA
system.

A communication link that facilitates transmission from
the AP 104 to one or more of the STAs 106 may be referred
to as a downlink (DL), and a communication link that
facilitates transmission from one or more of the STAs 106 to
the AP 104 may be referred to as an uplink (UL). Alterna-
tively, a downlink may be referred to as a forward link or a
forward channel, and an uplink may be referred to as a
reverse link or a reverse channel.

The AP 104 may be configured as a base station and
provide wireless communication coverage in a basic service
area (BSA) 102. Depending on the technology considered,
BSA can sometimes be called coverage area, cell, etc. The
AP 104 along with the STAs 106 associated with the AP 104
and that use the AP 104 for communication may be referred
to as a basic service set (BSS). It should be noted that the
wireless communication system 100 may not have a central
AP 104, but rather may function as a peer-to-peer network
between the STAs 106. Accordingly, the functions of the AP
104 described herein may alternatively be performed by one
or more of the STAs 106.

FIG. 2A illustrates an example of a functional block
diagram of certain communication entities of the wireless
communication network of FIG. 1. The components shown
in FIG. 2A illustrate a system in which a multimode or
multiband device may communicate using multiple radio
access technologies (RATs), for example an eHRPD net-
work, an LTE network, etc. depending on the configuration
of the network in the location in which the mobile device is
currently operating. As FIG. 2A illustrates, the system 200
may include a radio access network (RAN) 202 that pro-
vides wireless radio communications between a UE 206 and
an eNodeB 208a (e.g., a Node B, base station, access point,
etc.) using LTE radio access technology. The system also
depicts a RAN 204 which provides wireless radio commu-
nications between a UE 206 and a eHRPD base transceiver
station (BTS) 2085 (e.g., a Node B, base station, access
point etc.) using eHRPD radio access technology. For sim-
plicity of discussion, FIG. 2A depicts a UE 206 and one
eNodeB 2084 in a RAN 202 and one HRPD BTS 2085 in
another RAN 204; however, it is to be appreciated that each
RAN 202 or 204 may include any number of UEs and/or
eNodeBs/HRPD BTSs. In addition, it is to be appreciated
that additional RANs may be included, such as UTRA,
GSM, EDGE, and so forth.

In accordance with one aspect, the eNodeB 2084 and
HRPD BTS 2086 may transmit information to a UE 206
over a forward link or downlink channel and a UE 206 can
transmit information to the eNodeB 2084 and HRPD BTS
2095 over a reverse link or uplink channel. As shown, RANs
can utilize any suitable type of radio access technology such
as, but not limited to, LTE, LTE Advanced, HSPA, CDMA,
HRPD, eHRPD, CDMA2000, GSM, GPRS, EDGE, UMTS,
or the like.

The RANs 202 and 204, and specifically the eNodeB
208a and HRPD BTS 2085, can communicate with a core
network (e.g., an evolved packet core (EPC) network) that
enables charging (e.g., usage charges for services, etc.),
security (e.g., ciphering and integrity protection), subscriber
management, mobility management, bearer management,
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QoS handling, policy control of data flows, and/or intercon-
nections with external networks. The RANs 202 and 204 and
core network can communicate via an S1 interface, for
instance. The core network can include a mobility manage-
ment entity (MME) 216 that can be an end-point for control
signaling from the RAN 202 or 204. The MME 216 can
provide functions such as mobility management (e.g., track-
ing), authentication, and security. The MME 216 can com-
municate with the RANs 202 and 204 via the S1. The core
network can also include a serving gateway (S-GW) 210
which is a user plane node that connects the core network to
the LTE RAN 202. The core network may also include a
HRPD serving gateway (HSGW) 214 which connects the
core network to the eHRPD RAN 204. The eHRDP RAN
204 also includes an evolved access node (eAN) and an
evolved packet control function (ePCF) entity 212 which
manages the relay of packets between the HRPD BTS 20854
and the HSGW 214.

Furthermore, the HSGW 214 and the S-GW 210 may
communicate to facilitate interoperability between the
eHRPD RAN 204 and the EPC. In another aspect, the MME
216 and S-GW 210 can be configured as a single node to
provide a single end-point for user and control signaling
originating from a RAN and/or terminating at a RAN. The
network may also include a policy and charging rules
function (PCRF) 230. The PCRF 230 may communicate
with the S-GW 210, the HSGW 214, a PDN-GW 218 and the
core network.

The core network can also include a packet data network
gateway (PDN-GW) 218 that facilitates communications
between the core network (and the RANs 202 and 204) and
external networks. The PDN-GW 218 can provide packet
filtering, QoS policing, charging, IP address allocation, and
routing of traffic to external networks. In an example, the
S-GW 210 and the PDN-GW 218 can communicate via an
S5 interface. While illustrated as separate nodes in FIG. 2A,
it is to be appreciated that the S-GW 210 and PDN-GW 218,
for example, can be configured to operate as a single
network node to reduce user plane nodes in core network. In
one aspect, the core network may also include a 3GPP
authentication, authorization and accounting (AAA) server/
proxy 234 and a 3GPP2 AAA server/proxy 236 which may
communicate with each other and further communicate with
the PDN-GW 218 and the HSGW 214 respectfully. The core
network may also include a home subscriber services (HSS)
entity 232 which may communicate with the MME 216 and
the 3GPP AAA server/proxy 234. In some implementations,
the path between the PDN-GW 218 and the UE 206 may be
referred to as a packet data network (PDN) connection. A
PDN connection may be identified by one or more network
(e.g., IP) addresses.

The core network can communicate with external net-
works via the PDN-GW 218. The external networks, not
shown, can include networks such as, but not limited to, a
public switched telephone network (PSTN), an IP multime-
dia subsystem (IMS), a packet switch stream (PSS), and/or
an IP network. The IP network can be the Internet, a local
area network, a wide area network, an intranet, or the like.
It should be appreciated that configuration shown in FIG. 2A
is an example of just one possible configuration and many
other configurations and additional components may be used
in accordance with various aspects and implementations
described below.

FIG. 2B illustrates another example of a functional block
diagram of certain communication entities of the wireless
communication network of FIG. 1. The components shown
in FIG. 2B illustrate a system in which a multimode or
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multiband device may access one or more services of a core
network using a trusted or untrusted non-3GPP IP access
network (e.g., a wireless local area network (WLAN)) that
is in communication with the core network. As FIG. 2B
illustrates, the system may include a home public land
mobile network (HPLMN) and non-3GPP networks. The
HPLMN may represent a core network. The non-3GPP
networks may include any networks other than 3GPP net-
works that allow for communications between a STA (e.g.,
STA106) and an AP (e.g., AP 104). As an example, a trusted
non-3GPP network, such as trusted non-3GPP IP access
network 240, may include a Wi-Fi hotspot operated by the
carrier or operator. A non-trusted non-3GPP network, such
as untrusted non-3GPP IP access network 242, may include
a home Wi-Fi network, a work Wi-Fi network, or any other
wireless access point that is not operated by the carrier or
operator.

In some embodiments, the UE 206 may access the core
network services via the trusted non-3GPP IP access net-
work 240 or the untrusted non-3GPP IP access network 242.
The trusted non-3GPP IP access network 240 or the
untrusted non-3GPP IP access network 242 may transmit
information to a UE 206 over a forward link or downlink
channel and a UE 206 may transmit information to the
trusted non-3GPP IP access network 240 or the untrusted
non-3GPP IP access network 242 over a reverse link or
uplink channel. In other embodiments, the UE 206 may
access the core network services via a RAN, such as via the
eNodeB 208a as illustrated in FIG. 2A. In further embodi-
ments, the UE 206 may concurrently access a core network
service via the trusted non-3GPP IP access network 240 or
the untrusted non-3GPP IP access network 242 and another
core network service via the eNodeB 208a.

In an embodiment, the trusted non-3GPP IP access net-
work 240 and the PDN-GW 218 can communicate via an
S2a interface (e.g., S2a-based mobility over GTP
(SaMOG)). In some embodiments, the trusted non-3GPP 1P
access network 240 includes an AP that communicates with
the UE 206 and a trusted wireless access gateway (TWAG)
that communicates with the core network (e.g., with the
PDN-GW 218). The AP and the TWAG may be in commu-
nication with each other (e.g., via a tunneled connection) to
relay data between the UE 206 and the core network.

In an embodiment, the untrusted non-3GPP IP access
network 242 and the PDN-GW 218 communicate via an
evolved packet data gateway (ePDG) 244. Because the
non-3GPP IP access network is untrusted, the ePDG 244
may be configured to secure a data transmission to and from
the UE 206. The ePDG 244 and the PDN-GW 218 may
communicate via an S2b interface.

In other embodiments, not shown, the UE 206 may
communicate directly with the PDN-GW 218 via an S2¢
interface. The S2c¢ interface may provide a tunneled con-
nection between the UE 206 and the PDN-GW 218. The
tunneled connection may be provided via the trusted non-
3GPP IP access network 240 or via the untrusted non-3GPP
IP access network 242 and the ePDG 244.

As described above with respect to FIG. 2A, the PDN-
GW 218 may be in communication with internal and/or
external networks. For example, the PDN-GW 218 may be
in communication with the S-GW 210 and/or the operator’s
IP services 246. The S-GW 210 may provide access to the
3GPP access 238. The operator’s IP services 246 may
include networks such as, but not limited to, a public
switched telephone network (PSTN), an IP multimedia
subsystem (IMS), a packet switch stream (PSS), and/or an IP
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network. The IP network can be the Internet, a local area
network, a wide area network, an intranet, or the like.

It should be appreciated that configuration shown in FIG.
2B is an example of just one possible configuration and
many other configurations and additional components may
be used in accordance with various aspects and implemen-
tations described below.

FIG. 3 illustrates an example of a functional block dia-
gram of a wireless device that may be employed within the
wireless communication network of FIG. 1. The wireless
device 302 is an example of a device that may be configured
to implement the various methods described herein. For
example, the wireless device 302 can comprise a STA, a UE,
an AT, a subscriber station, a subscriber unit, a mobile
station, a remote station, a remote terminal, a user terminal,
a user agent, a user device, etc. As another example, the
wireless device 302 may be multimode or multiband device,
capable of operating using different radio access technolo-
gies (RATs), such as using LTE, LTE Advanced, HSPA,
CDMA, HRPD, eHRPD, CDMA2000, GSM, GPRS,
EDGE, UMTS, or the like.

The wireless device 302 may include a processor 304
which controls operation of the wireless device 302. The
processor 304 may also be referred to as a central processing
unit (CPU). Memory 306, which may include both read-only
memory (ROM) and random access memory (RAM), pro-
vides instructions and data to the processor 304. A portion of
the memory 306 may also include non-volatile random
access memory (NVRAM). The processor 304 typically
performs logical and arithmetic operations based on pro-
gram instructions stored within the memory 306. The
instructions in the memory 306 may be executable to
implement the methods described herein.

The data in memory 306 may include configuration data.
Configuration data may be preloaded into the memory 306.
Configuration data may be obtained from a user of the
wireless device 302 (e.g., through an interface 322, SIM
card, download, over the air). The processor 304 may
perform logical and arithmetic operations further based on
the configuration data.

In some aspects, the processor 304 is configured to cause
signals to be sent and receive signals from another device
(e.g., AP 104, STA 106, etc.). The signals may include
connection signals indicating the type of connection that
may be used for a particular transmission for the device 302.

For example, in some implementations, the device 302
may be configured to transmit/receive small packets of data.
Based on the transmission characteristic information, the
processor 304 may cause transmission of a signal indicating
the use of a common connection for transmitting such small
packets. When the device 302 is implemented as an AP 104,
the signal may be generated, for example, by a packet data
serving node for one or more previously registered devices
or a class of devices. The methods of AP 104 driven
selection are described in further detail below. When the
device 302 is implemented as an STA 106, the signal may be
generated prior to or during the link control protocol
requesting procedures. The methods of STA 106 driven
selection are described in further detail below.

In some implementations such as when wireless device
302 is implemented as an AP, the processor 304 may be
configured to enforce the access permissions. For example,
if a device indicated as not permitted to access the AP
attempts to acquire an unavailable data communication
pathway, the processor 304 may cause the acquisition to fail.

The processor 304 may comprise or be a component of a
processing system implemented with one or more proces-
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sors. The one or more processors may be implemented with
any combination of general-purpose microprocessors,
microcontrollers, digital signal processors (DSPs), field pro-
grammable gate array (FPGAs), programmable logic
devices (PLDs), controllers, state machines, gated logic,
discrete hardware components, dedicated hardware finite
state machines, or any other suitable entities that can per-
form calculations or other manipulations of information.

The processing system may also include machine-read-
able media for storing software. Software shall be construed
broadly to mean any type of instructions, whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise. Instructions may include
code (e.g., in source code format, binary code format,
executable code format, or any other suitable format of
code). The instructions, when executed by the one or more
processors, cause the processing system to perform the
various functions described herein.

The wireless device 302 may also include a housing 308
that includes the transmitter 310 and/or the receiver 312 to
allow transmission and reception of data between the wire-
less device 302 and a remote location. As alluded to above,
the transmitter 310 may be configured to wirelessly transmit
status information. Further, the receiver 312 may be con-
figured to wirelessly receive user data. The transmitter 310
and receiver 312 may be combined into a transceiver 314.
An antenna 316 may be attached to the housing 308 and
electrically coupled to the transceiver 314. The wireless
device 302 may also include (not shown) multiple transmit-
ters, multiple receivers, multiple transceivers, and/or mul-
tiple antennas.

The wireless device 302 may also include a signal detec-
tor 318 that may be used to detect and quantify the level of
signals received by the transceiver 314. The signal detector
318 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density, and other
signals. The wireless device 302 may also include a digital
signal processor (DSP) 320 for use in processing signals.
The DSP 320 may be configured to generate a packet for
transmission and/or process a received packet.

In some aspects, the wireless device 302 may further
comprise a user interface 322. The user interface 322 may
comprise a keypad, a microphone, a speaker, and/or a
display. The user interface 322 may include any element or
component that conveys information to a user of the wireless
device 302 and/or receives input from the user.

The wireless device 302 may include a traffic analyzer
324. The traffic analyzer 324 may be configured to generate
one or more values indicating a characteristic of data to be
transmitted. For example, the wireless device may be a
smart utility meter. A meter reading may be generated, for
example, by the processor 304. Prior to transmission, the
traffic analyzer 324 may determine a characteristic of the
meter reading to be transmitted. The traffic analyzer 324 may
generate a value indicating the quantity of data to be
transmitted. For example, the traffic analyzer 324 may
determine the number of bytes to be transmitted. The traffic
analyzer 324 may be configured to determine how fre-
quently the meter readings are transmitted. For example the
traffic analyzer 324 may track a history of meter readings
over time. The traffic analyzer 324 may then generate a value
indicating how often data is transmitted. The traffic analyzer
324 may be configured to detect a type of data to be
transmitted. For example, a smart meter reading may include
a few bites of integer data. In other applications, the data to
be transmitted may be audio, video, or multimedia data. The
type of data may also indicate the importance of the infor-
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mation. For example, in a cellular device which is included
in an automobile, routine maintenance information may be
considered low importance while an indication of a traffic
accident (E.G., airbag deployed) may be more critical. The
traffic analyzer 324 may be configured to identify an appli-
cation generating the data to be transmitted. A wireless
device 302 may include one or more applications which may
generate and or receive data. By identifying the application
associated with the data, the traffic may be analyzed.

The values generated by the traffic analyzer 324 may be
stored in the memory 306. The values may be accessed by
a pathway selector 325. The pathway selector may be
configured to select a communication pathway for the data
to be transmitted. In some implementations, the pathway
selector 325 may be configured to select between a common
data communication pathway and a dedicated data commu-
nication pathway. The pathway selector 325 may be config-
ured to compare one or more characteristics provided by the
traffic analyzer 324 to select the appropriate data commu-
nication pathway. For example, the pathway selector 325
may be configured to select the common data communica-
tion pathway if the number of bytes to be transmitted is less
than a predetermined threshold. The threshold may corre-
spond to a relatively small data transmission. The threshold
may be provided by the network operator. For example, the
threshold may be provisioned over the air via signaling with
the network. The threshold may be stored in the memory 306
or dynamically determined based on one or more charac-
teristics of the device, the network, or the like. In some
implementations, the pathway selector 325 may be config-
ured to compare a characteristic of the data to a range. If the
characteristic value falls within the range, an appropriate
selection may be made. As with the threshold, the range may
be provisioned in a variety of ways.

The pathway selector 325 may be configured to select a
data communication pathway by signaling via the network.
The pathway selector 325 may be configured to select a data
communication pathway from an STA. The pathway selector
325 may be configured to select a data communication
pathway from a non-STA network component such as an
access point, a RAN, or a PDSN. The pathway selector 325
may be configured to select a data communication pathway
from a STA to an external network accessible by the STA.
In some embodiments, the external network may be speci-
fied by an access point name (APN). The pathway selector
325 may be configured to select a data communication
pathway through one or more of the call flows described in
further detail below.

The various components of the wireless device 202 may
be coupled together by a bus system 326. The bus system
326 may include a data bus, for example, as well as a power
bus, a control signal bus, and a status signal bus in addition
to the data bus. Those of skill in the art will appreciate the
components of the wireless device 302 may be coupled
together or accept or provide inputs to each other using some
other mechanism.

Although a number of separate components are illustrated
in FIG. 3, those of skill in the art will recognize that one or
more of the components may be combined or commonly
implemented. For example, the processor 304 may be used
to implement not only the functionality described above
with respect to the processor 304, but also to implement the
functionality described above with respect to the signal
detector 318 and/or the DSP 320. Further, each of the
components illustrated in FIG. 3 may be implemented using
a plurality of separate elements. For example, the processor
304 and the memory 306 may be embodied on a single chip.

10

15

20

25

30

35

40

45

50

55

60

65

12

The processor 304 may additionally, or in the alternative,
contain memory, such as processor registers. Similarly, one
or more of the functional blocks or portions of the function-
ality of various blocks may be embodied on a single chip.
Alternatively, the functionality of a particular block may be
implemented on two or more chips.

In this specification and the appended claims, it should be
clear that the terms “circuit” and “circuitry” are construed as
a structural terms and not as functional terms. For example,
circuitry can be an aggregate of circuit components, such as
a multiplicity of integrated circuit components, in the form
of processing and/or memory cells, units, blocks, and the
like, such as shown and described in FIG. 3. One or more of
the functional blocks and/or one or more combinations of
the functional blocks described with respect to the wireless
device 302 may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more
microprocessor in conjunction with a DSP communication,
or any other such configuration.

In some wireless cellular systems, capacity and/or band-
width may be limited. For example, in densely populated
areas or when a large number of subscribers congregate in
a single area, the number of subscribers and/or the amount
of data being transmitted over the system may cause
dropped calls, slower transmission rates, and/or a poorer
user experience. Accordingly, operators may offload some or
all of the data to a wireless local area network (WLAN) to
extend the capacity of the wireless cellular system and
provide a better user experience. This process may be called
WLAN offload.

In an embodiment, the operator may use the WLAN to
access the core network (e.g., the EPC network) and main-
tain connectivity when switching between a WLAN and a
RAN (e.g., a wireless wide area network (WWAN)). In some
cases, the operator may support multiple PDN connections
over WLAN and WWAN;, which is known as multiple access
PDN connectivity (MAPCON).

In some embodiments, as described above with respect to
FIG. 2B, a UE connects with a WLAN, which connects with
the core network. Generally, the core network provides a
virtual connection between a UE and a PDN-GW before any
traffic is transmitted between them. The virtual connection
may be called an evolved packet system (EPS) bearer.

In some aspects, the EPS bearer provides a transport
service with specific quality of service (QoS) attributes. The
EPS bearer may include a QoS class index (QCI), which
describes the type of service using the virtual connection
(e.g., voice, video, signaling, etc.), a guaranteed bitrate
(GBR) for the traffic that flows through the connection, a
maximum bitrate (MBR) for the traffic that flows through the
connection, and/or a filter specification that indicates the
traffic flows (e.g., in terms of IP addresses, protocols, port
numbers, etc.) supported by the virtual connection between
the UE and the PDN-GW. In an embodiment, the QCI may
further include other QoS attributes, such as maximum
delay, residual error rate, and the like.

In an embodiment, a procedure used to establish a bearer
is called bearer activation. Bearer activation may be initiated
by the UE, the AP, the trusted or untrusted wireless access
gateway, the PDN-GW, and/or any device in the core
network.

While bearer establishment and modification procedures
have been defined for RAN or WWAN connections, bearer
establishment and modification procedures have not been
defined when a UE interfaces with the PDN-GW via a
trusted or untrusted non-3GPP IP access network (e.g.,
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during WLAN offload). Thus, the UE may be unaware of the
specific QoS attributes defined by the accessed service.
Packets between the trusted or untrusted non-3GPP IP
access network and the PDN-GW may be transmitted
according to the appropriate QoS parameters, but packets
between the UE and the trusted or untrusted non-3GPP IP
access network may not be transmitted according to the
appropriate QoS parameters.

FIG. 4 illustrates an exemplary call flow diagram of a
bearer activation procedure. The call flow diagram shown in
FIG. 4 includes some of the entities which may be included
in a wireless communication system according to the
described systems and methods. The entities shown in FIG.
4 include a UE 402, an AP 404, a trusted wireless access
gateway (TWAG) 406, a PDN-GW 410, a PCRF 412, and an
HSS/AAA 414. In some embodiments, not shown, the
TWAG 406 may be replaced by an untrusted wireless access
gateway. The procedures as described herein may be similar
if the untrusted wireless access gateway replaces the TWAG
406.

The AP 404 and the TWAG 406 may together represent a
trusted wireless area network (TWAN) 408. As described
above, the AP 404 may communicate directly with the UE
402. The TWAG 406 may communicate directly with the
core network (e.g., PDN-GW 410). The AP 404 and the
TWAG 406 may be in communication with each other via a
connection, such as a tunneled connection. In other embodi-
ments, the AP 404 may communicate directly with the core
network and/or the TWAG 406 may communicate directly
with the UE 402.

Transmissions 416 represent the signals that may be
transmitted to and from the UE 402, the AP 404, and/or the
TWAG 406 for WLAN discovery and selection. For
example, the signals of transmissions 416 may be transmit-
ted so that the UE 402 can select an AP. Transmissions 418
represent the signals that may be transmitted to and from any
or all of the entities shown in FIG. 4 for the initial attach of
the UE 402 to the core network. In an embodiment, the
transmissions 418 may also include signals transmitted
between the entities for extensible authentication protocol
(EAP) authentication.

Transmissions 420 represent the signal that may be trans-
mitted to and from the UE 402 and the TWAG 406 to
establish a PDN connection. It should be appreciated that the
signals may be transmitted directly to and from the UE 402
and the TWAG 406, or via another entity, such as the AP
404. The UE 402 may attempt to establish a PDN connection
to access one or more services provided available through
the core network (e.g., the operator’s IP services). Once the
appropriate signals have been transmitted to and from the
UE 402 and the TWAG 406, transmissions 422 may be sent
to and from the TWAG 406 and the PDN-GW 410 to
continue establishing the PDN connection.

Once transmissions 422 are complete, transmissions 424
may be transmitted to and from the PDN-GW 410 and the
PCRF 412 for IP connectivity access network (IP-CAN)
session establishment and/or modification. Establishing an
IP-CAN session may provide IP connectivity within the core
network and more particularly for a service to be provided
by the core network. For example, the establishment of an
IP-CAN session may create an association between the UE
402 (e.g., represented as an IP address) and a PDN (e.g.,
represented as an access point name (APN)).

Once the IP-CAN session has been established and/or
modified, signal 426 may be transmitted from the PCRF 412
to the PDN-GW 410 indicating that the session has been
established and/or modified. The signal 426 may include the
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QoS attributes of the service that the UE will access and/or
information that can be used to generate the appropriate QoS
attributes. The PDN-GW 410 may be configured to generate
a create bearer request, which includes the QoS attributes for
the service available through the core network and that will
be accessed by the UE 402. The create bearer request may
be transmitted to the TWAG 406, as illustrated by signal
428.

The TWAG 406 may receive the signal 428 and forward
the contents of the signal 428 to the AP 404 as a bearer setup
request signal 430. For example, the signal 430 may include
the QoS attributes for the service available through the core
network. In further embodiments, the signal 430 may
include a traffic flow template (TFT). As discussed below,
the TFT may be used to filter packets to be transmitted. The
bearer setup request signal 430 may be transmitted to
establish the bearer procedures for WLAN communications.

In an embodiment, the AP 404 maps one or more of the
QoS attributes to one or more traffic management param-
eters supported by a WLAN at block 432. As an example,
QoS over WLAN can be supported using Enhanced Dis-
tributed Channel Access (EDCA), which is defined in the
IEEE 802.11e protocol. EDCA may define traffic priorities
called access categories. For example, access categories may
define a minimum contention window (CW) value, a maxi-
mum CW value, and/or an arbitration inter-frame space
(AIFS) for accessing a medium. Traffic with higher priority
may have a shorter CW and a shorter AIFS. Accordingly, the
AP 404 may map one or more of the QoS attributes to one
or more access categories.

In an embodiment, one or more access categories may be
transmitted to the UE 402 in a WLAN bearer configuration
signal 434. In some embodiments, the signal 434 may also
include the TFT. During subsequent communications, the
UE 402 may filter packets based on the TFT and access the
medium based on the one or more access categories. Like-
wise, the AP 404 may filter packets based on the TFT and
access the medium based on the one or more access catego-
ries.

The UE 402 may acknowledge that it has received the
signal 434 via a WLAN bearer configuration complete
signal 436. Once the AP 404 receives signal 436, the AP 404
may transmit an acknowledgement to the TWAG 406 indi-
cating that the bearer setup is complete via the bearer setup
response signal 438. Likewise, the TWAG 406 may transmit
the create bearer response signal 440 to the PDN-GW 410
acknowledging that the bearer has been established and the
PDN-GW 410 may transmit the IP-CAN session establish-
ment/modification signal 442 acknowledging that the IP-
CAN session has been established or modified.

FIG. 5 illustrates another exemplary call flow diagram of
a bearer activation procedure. The entities shown in FIG. 5
are similar to those shown in FIG. 4. The procedure illus-
trated in FIG. 5 is also similar to the procedure illustrated in
FIG. 4. However, as illustrated in FIG. 5, the TWAG 406,
not the AP 404, is configured to map one or more QoS
attributes to one or more access categories.

As described above, the TWAG 406 may receive the
signal 428, which includes a create bearer request. Upon
receiving the signal 428, the TWAG 406 may map one or
more QoS attributes to one or more access categories
defined by EDCA at block 532. Once complete, the TWAG
406 may transmit a bearer setup request signal 530 to the UE
402. The bearer setup request signal 530 may include one or
more access categories and the TFT. As described above, the
UE 402 may filter packets based on the TFT and access the
medium based on the one or more access categories.
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In an embodiment, the TWAG 406 may also transmit a
WLAN bearer configuration signal 534 to the AP 404. The
WLAN bearer configuration signal 534 may include one or
more access categories and the TFT. As described above, the
AP 404 may filter packets based on the TFT and access the
medium based on the one or more access categories.

In response to the transmission of the WLAN bearer
configuration signal 534, the TWAG 406 may receive an
acknowledgment from the AP 404 in the form of WLAN
bearer configuration complete signal 536. Likewise, in
response to the transmission of the bearer setup request
signal 530, the TWAG 406 may receive an acknowledgment
from the UE 402 in the form of bearer setup response 538.
While FIG. 5 illustrates the TWAG 406 receiving signal 538
after signal 536, the signals may be received in any order.
Furthermore, while FIG. 5 illustrates the TWAG 406 trans-
mitting signal 534 after signal 530, the signals may be
transmitted in any order.

In an embodiment, once the TWAG 406 receives the
signal 536 and/or the signal 538, the TWAG 406 may
transmit the create bearer response signal 440, as described
above with respect to FIG. 4. The PDN-GW 410 may
receive the signal 440 and transmit the IP-CAN establish-
ment/modification signal 442 to the PCRF 412.

FIG. 6 illustrates another exemplary call flow diagram of
a bearer activation procedure. The entities shown in FIG. 6
are similar to those shown in FIGS. 4 and 5. The procedure
illustrated in FIG. 6 is also similar to the procedures illus-
trated in FIGS. 4 and 5. However, as illustrated in FIG. 6, the
UE 402, not the AP 404 or the TWAG 406, is configured to
perform the appropriate mapping.

As described above, the TWAG 406 may receive the
signal 428, which includes a create bearer request. Upon
receiving the signal 428, the TWAG 406 may transmit a
bearer setup request signal 630 to the UE 402. The bearer
setup request signal 630 may be similar to the bearer setup
request signal 430. For example, the signal 630 may include
the QoS attributes for the service available through the core
network and/or a TFT.

In some embodiments, if the WLAN supports the use of
traffic specification (TSPEC) admission control, the UE 402
may perform the mapping. The TSPEC admission control
procedure may be defined in the IEEE 802.11e protocol.
Under the TSPEC admission control procedure, the UE 402
requests medium time from the AP 404 for a traffic stream
by providing traffic management parameters (e.g., a
TSPEC). The TSPEC may include a medium access control
service data unit (MSDU) size, a minimum data rate, a mean
data rate, a peak data rate, a burst size, and/or similar data.
As illustrated in FIG. 6 at block 632, the UE 402 may map
one or more QoS attributes to a TSPEC.

Once complete, the UE 402 may transmit an AddTS
request signal 634 to the AP 404. The signal 634 may be a
request by the UE 402 to reserve resources for the bearer
(e.g., reserve resources for a traffic stream defined by the
TSPEC). The AP 404 may respond with an AddTS response
signal 636, which may indicate whether the request to
reserve resources for the bearer has been accepted or denied.

In an embodiment, the UE 402 transmits a bearer setup
response signal 638 to the TWAG 406. The UE 402 may
transmit the signal 638 in response to receiving the signal
636. Once the TWAG 406 receives the signal 638, the
TWAG 406 may transmit the create bearer response signal
440, as described above with respect to FIG. 4. The PDN-
GW 410 may receive the signal 440 and transmit the
IP-CAN establishment/modification signal 442 to the PCRF
412.
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In some embodiments, a UE, such as the UE 206, may
have a PDN connection via a non-3GPP IP access network
(e.g., over WLAN). The UE 206 may have a PDN connec-
tion to an external network via the core network. An access
point name (APN) may identify an external network and
determine how the UE 206 communicates with the external
network via the core network. For example, the APN may
determine an IP address, security protocols, network con-
nections, and the like. As an example, the UE 206 may have
a PDN connection to a first APN over WLAN.

As described above, the operator or carrier may support
multiple PDN connections, including concurrent PDN con-
nections over WLAN and WWAN (e.g., a RAN that uses any
type of RAT, such as LTE, LTE Advanced, etc.). This is
known as multiple access PDN connectivity (MAPCON).
Thus, if the UE 206 currently has a PDN connection over
WLAN, the UE 206 may add another PDN connection over
WWAN. The operator or carrier may identify a particular
APN to use when the UE 206 attaches to the core network
(e.g., when the UE 206 performs LTE attach). Conflicts may
occur, however, if a policy of the UE 206 (e.g., a policy of
an application that is executed on the UE 206) indicates that
the PDN connection to the first APN stays over WLAN, but
the operator or carrier indicates that the PDN connection to
the first APN must be over WWAN.

FIG. 7 illustrates an exemplary call flow diagram that
resolves the MAPCON conflict described above. The call
flow diagram shown in FIG. 7 includes some of the entities
which may be included in a wireless communication system
according to the described systems and methods. The enti-
ties shown in FIG. 7 include a UE 402, an eNodeB 704, a
MME/S-GW 706, a TWAN 708, a PDN-GW 710, and an
HSS/PCRF 712. In some embodiments, not shown, addi-
tional PDN-GWs may be included in the wireless commu-
nication system. Each PDN-GW may indicate the existence
of a different PDN connection. A single PDN-GW may also
handle multiple PDN connections.

Transmissions 714 represent the signals that may be
transmitted to and from the UE 402, the TWAN 708, the one
or more PDN-GWs 710, and/or the HSS/PCRF 712. The
signals of transmissions 714 may be sent to allow the UE
402 to attach to a trusted WLAN access network, such as the
TWAN 708, via an S2a interface. The signals of transmis-
sions 714 may initiate a PDN connection to a first APN (e.g.,
APN1) and a second APN (e.g., APN2).

Transmissions 716 represent the signals that may be
transmitted to and from the UE 402 and the eNodeB 704 to
acquire an evolved universal terrestrial radio access network
(E-UTRAN). The E-UTRAN may be a type of RAN that
provides an interface between a UE and an eNodeB. The UE
402 may acquire the E-UTRAN to initiate a PDN connection
over WWAN (e.g., to initiate the LTE attach procedure).

In an embodiment, the UE 402 may determine or the
operator or carrier may provide information that the UE 402
should use APN1 to attach to the E-UTRAN. On the other
hand, the UE 402 has a PDN connection to APN1 over
WLAN, and the UE 402 may determine or the operator or
carrier may provide information that the UE 402 should
connect to APN1 via WLAN. Thus, a conflict may arise. The
conflict may be resolved in one of several ways.

In a first embodiment for resolving the conflict, the UE
402 may not indicate an APN during the attach procedure.
Instead, the UE 402 may allow the core network to deter-
mine the APN that the UE 402 should connect to during the
attach procedure. The UE 402 may then connect to the APN
determined by the core network over WWAN. After the UE
402 completes the attach procedure, the UE 402 may trans-
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mit a request to connect to the APN requested by an
application of the UE 402 over WWAN.

An example of the first embodiment is illustrated by
signals 718A, 720A, and 722. In an embodiment, the UE 402
and the MME/S-GW 706 may communicate via the LTE
handover attach signal 718A. The signal 718A may not
include an indication of an APN to use during the attach
procedure (e.g., signal 718 A may include a null APN param-
eter). The MME/S-GW 706 and the HSS/PCRF 712 may
communicate via the LTE handover attach signal 720A. The
signal 720A may include data similar to the data included in
signal 718A.

After attaching to E-UTRAN, the UE 402 may initiate the
establishment of a PDN connection to an APN that is not the
APN the network identifies as the attach APN via signal 722.
This PDN connection may be over WWAN.

In a second embodiment for resolving the conflict, the
policy of the UE 402 may determine which APN should be
used to attach to the core network. The UE 402 may then
connect to the determined APN over WWAN. In some
embodiments, this embodiment may require the core net-
work to allow some or all APNs to be used during the attach
procedure.

An example of the second embodiment is illustrated by
signals 718B and 720B. In an embodiment, the UE 402 and
the MME/S-GW 706 may communicate via the LTE attach
signal 718B. The signal 718B may include an indication of
an APN that will be used during the attach procedure. The
APN may be determined by the UE 402. The MME/S-GW
706 and the HSS/PCRF 712 may communicate via the LTE
handover attach signal 720B. The signal 720B may include
data similar to the data included in signal 718B.

FIG. 8 is a flowchart of a process 800 for accessing a
service of a wireless carrier network through a wireless local
area network (WLAN). At block 802, the process 800 selects
one or more traffic management parameters associated with
the WLAN based at least in part on one or more quality of
service (QoS) parameters associated with the service of the
wireless carrier network being accessed. In an embodiment,
the one or more traffic management parameters may include
one or more access categories. For example, the QoS
parameters associated with the service of the carrier network
may be mapped to one or more of the access categories. In
some embodiments, an AP, such as the AP 404, may perform
the mapping. In other embodiments, a TWAG, such as the
TWAG 406, may perform the mapping. In another embodi-
ment, the one or more traffic management parameters may
include a traffic specification (TSPEC). For example, the
QoS parameters associated with the service of the wireless
carrier network may be mapped to the TSPEC by a UE, such
as the UE 402.

At block 804, the process 800 transmits packets over the
WLAN using the selected one or more traffic management
parameters associated with the WL AN when a UE accesses
the service of the carrier network through the WLAN. In an
embodiment, the UE enforces the selected one or more
traffic management parameters for communications to the
wireless carrier network. An AP may enforce the selected
one or more traffic management parameters for communi-
cations to the UE over a radio link.

FIG. 9 is a functional block diagram of an exemplary
device 900 that may be employed within the wireless
communication network 100. As an example, the device 900
may be a UE, such as the UE 206 of FIGS. 2A-B, an AP,
such as the AP 404 of FIG. 4, or a trusted or untrusted
wireless access gateway, such as the TWAG 406 of FIG. 4.
The device 900 includes means 902 for selecting one or
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more traffic management parameters associated with the
WLAN based at least in part on one or more quality of
service (QoS) parameters associated with the service of the
wireless carrier network being accessed. In an embodiment,
means 902 for selecting one or more traffic management
parameters associated with the WL AN based at least in part
on one or more quality of service (QoS) parameters asso-
ciated with the service of the wireless carrier network being
accessed may be configured to perform one or more of the
functions discussed above with respect to block 802. The
device 900 further includes means 904 for transmitting
packets over the WLAN using the selected one or more
traffic management parameters associated with the WLAN
when a UE accesses the service of the wireless carrier
network through the WLAN. In an embodiment, means 904
for transmitting packets over the WLAN using the selected
one or more traffic management parameters associated with
the WLAN when a UE accesses the service of the wireless
carrier network through the WL AN may be configured to
perform one or more of the functions discussed above with
respect to block 804.

FIG. 10 is a flowchart of a process 1000 for establishing
a data communication pathway between network elements.
At block 1002, the process 1000 connects to a first access
point name (APN) based on a policy of a UE. In an
embodiment, the first APN establishes a connection between
the UE and a packet data network gateway (PDN-GW) via
a wireless local area network (WLAN).

At block 1004, the process 1000 determines to connect to
a second APN via a carrier cellular network after the UE
selects the carrier cellular network. In an embodiment, the
carrier cellular network is an LTE network. At block 1006,
the process 1000 detects that the connection to the first APN
is required to stay over the WLAN.

At block 1008, the process 1000 detects a conflict that the
first APN is an attach APN according to the carrier cellular
network. At block 1010, the process 1000 transmits an attach
request to attach to the carrier cellular network after detect-
ing the conflict that the connection to the first APN is
required to stay over the WLAN. In an embodiment, the
attach request indicates NULL as the attach APN. At block
1012, the process 1000 receives an attach response from the
carrier core network that identifies an APN used during an
attach to the carrier cellular network. In an embodiment, the
APN used during the attach to the carrier cellular network is
the first APN. In another embodiment, the APN used during
the attach to the carrier cellular network is the second APN.
At block 1014, the process 1000 connects to the APN that
the carrier cellular network identified in the attach response
over the carrier cellular network. At block 1016, the process
1000 connects to the second APN over the carrier cellular
network if not yet connected to the second APN.

FIG. 11 is a functional block diagram of an exemplary
device 1100 that may be employed within the wireless
communication network 100. As an example, the device
1100 may be a UE, such as the UE 206 of FIGS. 2A-B. The
device 1100 includes means 1102 for connecting to a first
access point name (APN) based on a policy of a UE. In an
embodiment, means 1102 for connecting to a first access
point name (APN) based on a policy of a UE be configured
to perform one or more of the functions discussed above
with respect to block 1002. The device 1100 further includes
means 1104 for determining to connect to a second APN via
a carrier cellular network after the UE selects the carrier
cellular network. In an embodiment, means 1104 for deter-
mining to connect to a second APN via a carrier cellular
network after the UE selects the carrier cellular network may
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be configured to perform one or more of the functions
discussed above with respect to block 1004. The device 1100
further includes means 1106 for detecting that the connec-
tion to the first APN is required to stay over the WLAN. In
an embodiment, means 1106 for detecting that the connec-
tion to the first APN is required to stay over the WLAN may
be configured to perform one or more of the functions
discussed above with respect to block 1006.

The device 1100 further includes means 1108 for detect-
ing a conflict that the first APN is an attach APN according
to the carrier cellular network. In an embodiment, means
1108 for detecting a conflict that the first APN is an attach
APN according to the carrier cellular network may be
configured to perform one or more of the functions dis-
cussed above with respect to block 1008. The device 1100
further includes means 1110 for transmitting an attach
request to attach to the carrier cellular network after detect-
ing the conflict that the connection to the first APN is
required to stay over the WLAN. In an embodiment, means
1110 for transmitting an attach request to attach to the carrier
cellular network after detecting the conflict that the connec-
tion to the first APN is required to stay over the WLAN may
be configured to perform one or more of the functions
discussed above with respect to block 1010. The device 1100
further includes means 1112 for receiving an attach response
from the carrier core network that identifies an APN used
during an attach to the carrier cellular network. In an
embodiment, means 1112 for receiving an attach response
from the carrier core network that identifies an APN used
during an attach to the carrier cellular network may be
configured to perform one or more of the functions dis-
cussed above with respect to block 1012. The device 1100
further includes means 1114 for connecting to the APN that
the carrier cellular network identified in the attach response
over the carrier cellular network. In an embodiment, means
1114 for connecting to the APN that the carrier cellular
network identified in the attach response over the carrier
cellular network may be configured to perform one or more
of the functions discussed above with respect to block 1014.
The device 1100 further includes means 1116 for connecting
to the second APN over the carrier cellular network if not yet
connected to the second APN. In an embodiment, means
1116 for connecting to the second APN over the carrier
cellular network if not yet connected to the second APN may
be configured to perform one or more of the functions
discussed above with respect to block 1016.

FIG. 12 is a flowchart of a process 1200 for establishing
a data communication pathway between network elements.
At block 1202, the process 1200 connects to a first access
point name (APN) based on a policy of a UE. In an
embodiment, the first APN establishes a connection between
the UE and a packet data network (PDN) via a wireless local
area network (WLAN).

At block 1204, the process 1200 determines to connect to
a second APN over a carrier cellular network. In an embodi-
ment, the carrier cellular network is an LTE network. At
block 1206, the process 1200 detects that the first APN is an
attach APN according to the carrier cellular network. At
block 1208, the process 1200 detects a conflict that the
connection to the first APN is required to stay over the
WLAN based on the policy. At block 1210, the process 1200
transmits an attach request to attach to the carrier cellular
network after detecting the conflict that the connection to the
first APN is required to stay over the WLAN. In an embodi-
ment, the attach request includes an indication that the
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second APN is the attach APN. At block 1212, the process
1200 attaches to the carrier cellular network using the
second APN.

FIG. 13 is a functional block diagram of an exemplary
device 1300 that may be employed within the wireless
communication network 100. As an example, the device
1300 may be a UE, such as the UE 206 of FIGS. 2A-B. The
device 1300 includes means 1302 for connecting to a first
access point name (APN) based on a policy of a UE. In an
embodiment, means 1302 for connecting to a first access
point name (APN) based on a policy of a UE be configured
to perform one or more of the functions discussed above
with respect to block 1202. The device 1300 further includes
means 1304 for determining to connect to a second APN
over a carrier cellular network. In an embodiment, means
1304 for determining to connect to a second APN over a
carrier cellular network may be configured to perform one or
more of the functions discussed above with respect to block
1204. The device 1300 further includes means 1306 for
detecting that the first APN is an attach APN according to the
carrier cellular network. In an embodiment, means 1306 for
detecting that the first APN is an attach APN according to the
carrier cellular network may be configured to perform one or
more of the functions discussed above with respect to block
1206.

The device 1300 further includes means 1308 for detect-
ing a conflict that the connection to the first APN is required
to stay over the WLAN based on the policy. In an embodi-
ment, means 1308 for detecting a conflict that the connection
to the first APN is required to stay over the WLAN based on
the policy may be configured to perform one or more of the
functions discussed above with respect to block 1208. The
device 1300 further includes means 1310 for transmitting an
attach request to attach to the carrier cellular network after
detecting the conflict that the connection to the first APN is
required to stay over the WLAN. In an embodiment, means
1310 for transmitting an attach request to attach to the carrier
cellular network after detecting the conflict that the connec-
tion to the first APN is required to stay over the WLAN may
be configured to perform one or more of the functions
discussed above with respect to block 1210. The device
1300 further includes means 1312 for attaching to the carrier
cellular network using the second APN. In an embodiment,
means 1312 for attaching to the carrier cellular network
using the second APN may be configured to perform one or
more of the functions discussed above with respect to block
1212.

As used herein, the term “determining” encompasses a
wide variety of actions. For example, “determining” may
include calculating, computing, processing, deriving, inves-
tigating, looking up (e.g., looking up in a table, a database
or another data structure), ascertaining and the like. Also,
“determining” may include receiving (e.g., receiving infor-
mation), accessing (e.g., accessing data in a memory) and
the like. Also, “determining” may include resolving, select-
ing, choosing, establishing and the like. Further, a “channel
width” as used herein may encompass or may also be
referred to as a bandwidth in certain aspects.

As used herein, a phrase referring to “at least one of” a list
of items refers to any combination of those items, including
single members. As an example, “at least one of: a, b, or ¢”
is intended to cover: a, b, ¢, a-b, a-c, b-c, and a-b-c.

The various operations of methods described above may
be performed by any suitable means capable of performing
the operations, such as various hardware and/or software
component(s), circuits, and/or module(s). Generally, any



US 9,473,977 B2

21

operations illustrated in the Figures may be performed by
corresponding functional means capable of performing the
operations.

The various illustrative logical blocks, modules and cir-
cuits described in connection with the present disclosure
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array signal (FPGA) or other programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware
components or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the proces-
sor may be any commercially available processor, controller,
microcontroller or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more MiCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

In one or more aspects, the functions described may be
implemented in hardware, software, firmware, or any com-
bination thereof. If implemented in software, the functions
may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Com-
puter-readable media includes both computer storage media
and communication media including any medium that facili-
tates transfer of a computer program from one place to
another. A storage media may be any available media that
can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or
store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Also,
any connection is properly termed a computer-readable
medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL),
or wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and blu-ray disc where disks usually reproduce data mag-
netically, while discs reproduce data optically with lasers.
Thus, in some aspects computer readable medium may
comprise non-transitory computer readable medium (e.g.,
tangible media). In addition, in some aspects computer
readable medium may comprise transitory computer read-
able medium (e.g., a signal). Combinations of the above
should also be included within the scope of computer-
readable media.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
steps and/or actions may be interchanged with one another
without departing from the scope of the claims. In other
words, unless a specific order of steps or actions is specified,
the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.

The functions described may be implemented in hard-
ware, software, firmware or any combination thereof. If
implemented in software, the functions may be stored as one
or more instructions on a computer-readable medium. A
storage media may be any available media that can be
accessed by a computer. By way of example, and not
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limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or
store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Disk
and disc, as used herein, include compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk,
and Blu-ray® disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers.

Thus, certain aspects may comprise a computer program
product for performing the operations presented herein. For
example, such a computer program product may comprise a
computer readable medium having instructions stored (and/
or encoded) thereon, the instructions being executable by
one or more processors to perform the operations described
herein. For certain aspects, the computer program product
may include packaging material.

Software or instructions may also be transmitted over a
transmission medium. For example, if the software is trans-
mitted from a website, server, or other remote source using
a coaxial cable, fiber optic cable, twisted pair, digital sub-
scriber line (DSL), or wireless technologies such as infrared,
radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition
of transmission medium.

Further, it should be appreciated that modules and/or
other appropriate means for performing the methods and
techniques described herein can be downloaded and/or oth-
erwise obtained by a user terminal and/or base station as
applicable. For example, such a device can be coupled to a
server to facilitate the transfer of means for performing the
methods described herein. Alternatively, various methods
described herein can be provided via storage means (e.g.,
RAM, ROM, a physical storage medium such as a compact
disc (CD) or floppy disk, etc.), such that a user terminal
and/or base station can obtain the various methods upon
coupling or providing the storage means to the device.
Moreover, any other suitable technique for providing the
methods and techniques described herein to a device can be
utilized.

It is to be understood that the claims are not limited to the
precise configuration and components illustrated above.
Various modifications, changes and variations may be made
in the arrangement, operation and details of the methods and
apparatus described above without departing from the scope
of the claims.

While the foregoing is directed to aspects of the present
disclosure, other and further aspects of the disclosure may be
devised without departing from the basic scope thereof, and
the scope thereof is determined by the claims that follow.

What is claimed is:

1. A method for accessing a service of a wireless carrier
network through a wireless local area network (WLAN), the
method comprising:

transmitting, by a user equipment, a request to establish a

connection to access the service of the wireless carrier
network through the WLAN;

receiving a bearer setup request from a gateway, wherein

the bearer setup request comprises one or more quality
of service (QoS) parameters associated with the service
of the wireless carrier network being accessed;
mapping the one or more QoS parameters to one or more
traffic management parameters associated with the
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WLAN, wherein the one or more traffic management
parameters comprise a traffic specification;

transmitting a traffic specification addition request to an
access point, wherein the traffic specification addition
request comprises the traffic specification;

receiving a traffic specification addition response from the

access point;

transmitting a bearer setup response to the gateway;

transmitting packets over the WLAN using the one or

more traffic management parameters when accessing
the service of the wireless carrier network through the
WLAN; and

enforcing the one or more traffic management parameters

for communications to the wireless carrier network.

2. The method of claim 1, wherein mapping the one or
more QoS parameters to one or more traffic management
parameters comprises determining the traffic specification
including at least one of a medium access control service
data unit (MSDU) size, a minimum data rate, a mean data
rate, a peak data rate, or a burst size based on the one or more
QoS parameters.

3. The method of claim 2, further comprising requesting
a medium time from the access point for a traffic stream
based on the traffic specification.

4. The method of claim 1, wherein receiving a bearer
setup request comprises receiving one or more evolved
packet system (EPS) bearer QoS parameters.

5. The method of claim 1, wherein mapping the one or
more QoS parameters to one or more traffic management
parameters comprises mapping the EPS bearer QoS param-
eter to the traffic specification.

6. The method of claim 1, wherein receiving a bearer
setup request from a gateway comprises receiving the bearer
setup request from one of a trusted wireless access gateway
or an untrusted wireless access gateway.

7. An apparatus for accessing a service of a wireless
carrier network through a wireless local area network
(WLAN), the apparatus comprising:

means for transmitting a request to establish a connection

to access the service of the wireless carrier network
through the WLAN;

means for receiving a bearer setup request from a gate-

way, wherein the bearer setup request comprises one or
more quality of service (QoS) parameters associated
with the service of the wireless carrier network being
accessed;

means for mapping the one or more QoS parameters to

one or more traffic management parameters associated
with the WLAN, wherein the one or more traffic
management parameters comprise a traffic specifica-
tion;

means for transmitting a traffic specification addition

request to an access point, wherein the traffic specifi-
cation addition request comprises the traffic specifica-
tion;

means for receiving a traffic specification addition

response from the access point;

means for transmitting a bearer setup response to the

gateway,

means for transmitting packets over the WLAN using the

one or more traffic management parameters when
accessing the service of the wireless carrier network
through the WLAN; and

means for enforcing the one or more traffic management

parameters for communications to the wireless carrier
network.
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8. The apparatus of claim 7, wherein means for mapping
one or more QoS parameters to one or more traffic man-
agement parameters comprises means for determining the
traffic specification including at least one of a medium
access control service data unit (MSDU) size, a minimum
data rate, a mean data rate, a peak data rate, or a burst size
based on the one or more QoS parameters.

9. The apparatus of claim 7, further comprising means for
requesting a medium time from the access point for a traffic
stream based on the traffic specification.

10. The apparatus of claim 7, wherein means for receiving
a bearer setup request comprises means for receiving one or
more evolved packet system (EPS) bearer QoS parameters.

11. The apparatus of claim 7, wherein means for mapping
one or more QoS parameters to one or more traffic man-
agement parameters comprises means for mapping the EPS
bearer QoS parameters to the traffic specification.

12. The apparatus of claim 7, wherein means for receiving
a bearer setup request from a gateway comprises means for
receiving the bearer setup request from one of a trusted
wireless access gateway or an un trusted wireless access
gateway.

13. A non-transitory computer-readable medium compris-
ing code that, when executed, causes an apparatus to:

transmit a request to establish a connection to access a

service of a wireless carrier network through a wireless
local area network (WLAN);

receive a bearer setup request from a gateway, wherein the

bearer setup request comprises one or more quality of
service (QoS) parameters associated with the service of
the wireless carrier network being accessed;

map the one or more QoS parameters to one or more

traffic management parameters associated with the
WLAN, wherein the one or more traffic management
parameters comprise a traffic specification;

transmit a traffic specification addition request to an

access point, wherein the traffic specification addition
request comprises the traffic specification;

receive a traffic specification addition response from the

access point;

transmit a bearer setup response to the gateway;

transmit packets over the WL AN using the one or more

traffic management parameters when accessing the
service of the wireless carrier network through the
WLAN; and

enforce the one or more traffic management parameters

for communications to the wireless carrier network.

14. The medium of claim 13, further comprising code
that, when executed, causes an apparatus to determine the
traffic specification including at least one of a medium
access control service data unit (MSDU) size, a minimum
data rate, a mean data rate, a peak data rate, or a burst size
based on the one or more QoS parameters.

15. The medium of claim 14, further comprising code
that, when executed, causes an apparatus to request a
medium time from the access point for a traffic stream based
on the traffic specification.

16. The medium of claim 13, further comprising code
that, when executed, causes an apparatus to receive one or
more evolved packet system (EPS) bearer QoS parameters.

17. The medium of claim 13, further comprising code
that, when executed, causes an apparatus to map the one or
more EPS bearer QoS parameter to the traffic specification.

18. The medium of claim 13, further comprising code
that, when executed, causes an apparatus to receive the
bearer setup request from one of a trusted wireless access
gateway or an untrusted wireless access gateway.



US 9,473,977 B2

25

19. An apparatus for accessing a service of a wireless
carrier network through a wireless local area network
(WLAN), the apparatus comprising:

a transmitter configured to transmit a request to establish
a connection to access the service of the wireless carrier
network through the WLAN;

a receiver configured to receive a bearer setup request
from a gateway, wherein the bearer setup request
comprises one or more quality of service (QoS) param-
eters associated with the service of the wireless carrier
network being accessed; and

a processor configured to map the one or more QoS
parameters to one or more traffic management param-
eters associated with the WLAN, wherein the one or
more traffic management parameters comprise a traffic
specification,

wherein the transmitter is further configured to transmit a
traffic specification addition request to an access point,
wherein the traffic specification addition request com-
prises the traffic specification,

wherein the receiver is further configured to receive a
traffic specification addition response from the access
point,

wherein the transmitter is further configured to transmit a
bearer setup response to the gateway,
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wherein the transmitter is further configured to transmit
packets over the WL AN using the one or more traffic
management parameters when accessing the service of
the wireless carrier network through the WLAN, and

wherein the processor is further configured to enforce the
one or more traffic management parameters for com-
munications to the wireless carrier network.

20. The apparatus of claim 19, wherein the traffic speci-
fication comprises at least one of a medium access control
service data unit (MSDU) size, a minimum data rate, a mean
data rate, a peak data rate, or a burst size based on the one
or more QoS parameters.

21. The apparatus of claim 20, further comprising a
pathway selector configured to request a medium time from
the access point for a traffic stream based on the traffic
specification.

22. The apparatus of claim 19, wherein the one or more
QoS parameters comprise one or more evolved packet
system (EPS) bearer QoS parameters.

23. The apparatus of claim 19, wherein the processor is
further configured to map the one or more EPS bearer QoS
parameters to the traffic specification.

24. The apparatus of claim 19, wherein the gateway
comprises one of a trusted wireless access gateway or an
untrusted wireless access gateway.
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